To know more precise the value of overall heat transfer coefficient is on a special importance to programs (software) 
INTRODUCTION
The properties of part castings are determined by solidification structure. The solidification structure is considered both the granulation and distribution and fineness of eutectic phases and the dimension and the shapes of intermetallic compounds formed in acceptable limits of metal impurities. The casting structure is caused by cooling rate applied of alloy both in liquid state and in solidification range. Cooling rate value is determined by the intensity of heat exchange between the liquid alloy and the mould. The intensity of heat exchange can be appreciate by the overall heat transfer coefficient value. At the same time, as accurate as possible knowing of overall heat transfer coefficient value is on special importance in forming operation of solidification process softwares for design casting technology in order to optimize them by dimensioning and appropriate placement both the gating system and the risers for eliminate casting defects, shrinkages [1-2]. These desiderates have determined the resumption and intensification of researches in this field [3] [4] [5] [6] [7] . A series of works [8] [9] [10] [11] [12] [13] [14] analyzes the overall heat transfer coefficient for concrete cases of casting alloys processing.
This paper aims to determin the value of overall heat transfer coefficient on the cooling curve recorded in casting-solidification real conditions.
As it is known, the cooling curves are described by an exponential function (1):
(1) where: t k -represents initial temperature of melt; t 0 -initial temperature of mould and τ-time.
The ''w'' coefficient includes both the geometrical characteristics of casting sample and thermo-physical properties of cast alloy as well as the overall heat transfer coefficient that characterizes the heat exchange between melt and mould, Eq. (2):
where: m-is alloy weight, casting sample; c-specific heat for alloy; A-the surface where is performed the sample cooling, while k-is the overall heat transfer coefficient between casting sample and mould.
It must be mentioned that this equation is valid only on temperature ranges where there are not phase transformations produced. In experimental determinations it is considered as 30 o C the initial mould temperature, while the initial melt temperature corresponds to maximum value on cooling curve.
EXPERIMENTAL DETERMINATIONS, RESULTS
In context of experimental determinations there were cast cylindrical and tubular samples in graphite mould (G), refractory brick (C) and sodium silicate made moulds (S), from various nonferrous alloys: lead alloyPbSn37 (solder), hypoeutectic silumin -AlSi7Mg0.3 and eutectic silumin -AlSi12. In all cases, it was used tight moulds and the supplying of mould cavity with liquid alloy it was accomplished by direct casting, through the pouring cup racticed in the top of the wall mould (in the cover), Fig. 1 .
The Scientific Bulletin of VALAHIA University -MATERIALS and MECHANICS -Vol. 14, No. 11 To measure temperature there were used type K thermocouples. In order to register more accurate temperature, the tops of thermocouples were left open (without protective sheath) and covered with a refractory paint layer. Thermocouples'peaks in all experimental determinations were placed at half height of the sample and in the middle of cross-section. To register temperature was used an ADAM type with 11 channels interface. At mathematical processing of experimental data to determine the proper equations of cooling curves above the liquidus temperature was used ORIGIN program. In Table 1 there are presented the sizes of castings samples and geometric and thermo-physical characteristics of them, necessary to calculate "w"coefficient, in Eq. (1).
Tabel 1 Sample codification
Index "p" for 5-C-p sample means that the mould has been preheated, while the index "v" for 6-C-v specimen means that, during solidification, the mould was subjected to mechanical vibrations. Concerning to alloys, density and specific heat have been calculated by additivity rules.
Further it is shown the working methodology for determining the value of overall heat transfer coefficient by a detailed description of work stages in case of 1-C sample. The Eq. (1.c) by " t 0 "and "(t k -t 0 )" coefficients respects the initial conditions and, at the same time, by choosing appropriate "w adjusted " overlaps, with good approximation, with the experimental cooling curve for higher than liquidus temperatures, in presented case, than the solidification temperature, Figure 4 . Table 2 .
Tabel 2
Coefficients value in (1.a) equation, "w adjusted " and overall heat transfer coefficient For 2-G sample calculations results are shown in Table  2 .
In case of PbSn37 solder casting was done in nonpreheated and at 100 o C preheated refractory brick moulds. Figure 5a there are presented the cooling curves recorded, while in Figure. 5b there are the sections of cooling curves corresponding for cooling in a liquid state and the appropriate deduced regression equations curves. The values of the regression equations coefficients are presented in Table 2 .
Through experiments, for "w adjusted " coefficient results values: 0.0024 and 0.001 s -1 , respectively.
Finally, the values for overall heat transfer coefficient results are: 0.000562 for non-preheated mould and 0.000234 cal/s.grad.cm 2 in case of preheated mould.
For 5-C and 6-C-v samples cooling curves are shown in Figure. 6. As there is noted in By processing the corresponding curve of alloy cooling in liquid state resulted the regression equations like relation (1) whose coefficients are shown in It should be mentioned that the outside diameter for these three moulds was 180, 200 and 240 mm, respectively, and the thickness of the front parts (up / down) was 50 mm. Further, it is also specified the ratio between the volume of metallic castings and volume of the mould (moulding sand) in order to obtain a more evident image on the heat exchange between the liquid alloy and mould: at sample S-7 is 0.125, at S-8 one is 0.266 and at S-9, the last sample, is 0.371.
For these determinations it has been used a silumin with easy hypoeutectic composition. The alloy composition is shown in Table 3 .
Tabel 3 Chemical composition of the alloy AlSi 12
Considering the complex composition of the alloy, the eutectic temperature was calculated with Mondolfo's relation: In Fig. 7a it is presented a draft of the casting mould and the placement of the thermocouples: in the middle of the wall thickness for first one, on 10 mm from casting surface for the second and just on melt-mould interphasic surface for the third. Fig. 7b shows the mould completely ready, and in Fig. 7c there is the used assembly to record cooling curves.
Fig. 7. Casting mould and the used assembly
To calculate the overall heat transfer coefficient were used recorded curves by thermocouples placed in the middle of the section, Fig. 8a .
Fig.8. The cooling curves recorded for samples 7-S, 8-S and

9-S (a) and corresponding sections of liquid phase (b)
It is worth mentioning that for all three cooling curves it is observed the undercooling phenomenon both to primary crystallization and to eutectic transformation. The eutectic temperatures indicated by cooling curves are 0.6 to 2 degrees higher than the corresponding value, calculated by Mondolfo's equation.
The regression equations (ratio (1)) were obtained after the processing upon corresponding curves of cooling alloy in the liquid state, Fig. 8b . In Table 2 are shown these coefficients. By tests, the resulting values for "w adjusted " coefficient are 0.0009; 0.002 and 0.0012 s -1 , respectively. Therefore, for the overall heat transfer coefficient have been obtained 0.00088 (sample S7), 0.00196 (S8) and 0.00108 [cal/s.grad.cm 2 ] for sample S9. These values are much lower than those reported in work [3] , which refers to Al-Cu4.5% alloy cast in cylindrical moulds made with sodium silicate as binder and hardened with carbon dioxid.
It should be mentioned that for all casting samples, the Biot criterion is much smaller than one (varies in the range 0.005 to 0.006), which means that during the cooling of liquid alloy, the heat transported from inside the melt to melt-mould interphase surface is much higher than that what can be absorbed by the mould material, which induced a volume solidification.
CONCLUSION
Based on obtained values for the overall heat transfer coefficient (Table 2 ) it can be said that it depends very much on casting conditions (melt temperature, casting dimensions, mould material and inner cores presence).
Casting in graphite moulds determines of about 4 times increase on overall heat transfer coefficient compared with that cast in refractory brick moulds.
Preheating the melt determines the decrease of approximately 2.4 times of overall heat transfer coefficient.
The mould vibration cause the increase about 2.5 times of the overall heat transfer coefficient. This increase is the result of penetration liquid alloy in mould surface depressions which causes a better contact between the melt and mould material but also leads to grow roughness castings surface.
Similar effects can have both melt overheating by increasing fluidity and decreasing the surface tension and casting high pieces, to which the metallostatic pressure can cause a better contact between the melt and the mould material. This conclusion is in agreement with results reported in [6, 9, 10],concerning the pressure effect on the value of global heat transfer coefficient.
In case of casting in sodium silicate moulds to 8-S sample, the overall heat transfer coefficient is about 2 times greater than for those other two samples (7-S and 9-S). The significant difference can only be attributed to differences between the geometrical characteristics of those three moulds made by sodium silicate process. It is mention that the method described for determining the overall coefficient of heat transfer from the meltmould interface is an average value and takes account, incorporates, the so controversial phenomenas effect from melt-mould area contact.
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